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Overview
The SCXI-1000, SCXI-1000DC, and SCXI-1001 are rugged, low-

noise chassis. The SCXI-1000 and SCXI-1000DC can house up to

four modules; the SCXI-1001 can house 12 modules. You can

also daisy chain up to eight SCXI chassis with a single MIO board

for high channel count applications.

The SCXI-1000DC is a DC-powered chassis that is ideal for

portable applications or where standard AC power is

unavailable. The SCXI-1000DC is powered by any 9.5 to 16 VDC

battery or power supply, the optional SCXI-1382 battery pack, or

the optional SCXI-1383 power supply/float charger.

The SCXI-2000, a four-slot chassis with built-in RS-232 and RS-

485 serial interface, is also available for remote systems. See

page 391 for more information on the SCXI-2000 chassis.

Description 
The SCXI-1000, SCXI-1000DC, and SCXI-1001 chassis integrate

the operation of an assortment of SCXI modules. The SCXIbus in

the backplane of the chassis includes guarded analog buses for

signal routing and digital buses for transferring data and timing

signals. For example, you can use a plug-in DAQ board or an

SCXI-1200 module to scan and acquire signals from multiple

SCXI signal conditioning modules. In this operation, the SCXI

chassis uses its SCXIbus to synchronize the digitization of the

conditioned analog signal with the multiplexing and signal

routing from the SCXI modules.

The SCXI chassis, along with the SCXI modules, are serially

programmed using digital I/O lines of the DAQ board or 

SCXI-1200 module. The

DAQ board or module

programs the control

circuitry of the chassis

with the number and

order of modules and

channels to scan.

Therefore, using SCXI

will reserve up to four

digital output lines and one digital input line of your DAQ board

or SCXI-1200 module. Alternatively, an SCXI-2400 RS-232/RS-485

communications module can directly program the chassis via

the SCXIbus.

The SCXI-1000 and SCXI-1001 are available with a number of

standard AC power options. The SCXI-1000DC can be powered

with any 9.5 to 16 VDC power supply. Optionally, you can use

the SCXI-1382 12 VDC battery pack, or the optional SCXI-1383

power supply/float charger to operate the chassis from an AC

power outlet. 

Accessories
DC Power Accessories
The SCXI-1382 is a 12 VDC, 25 Ah battery pack that attaches

directly to the SCXI-1000DC chassis. The SCXI-1382 can power a

fully loaded SCXI-1000DC chassis for a minimum of 5 hours. The

SCXI-1382 also includes a dual-stage battery charger, which

charges a completely discharged battery in 8 to 11 hours. The

dual-stage charger cannot power the SCXI-1000DC chassis. The

SCXI-1383 is a 13.8 VDC, 4 A power supply/float charger for the

SCXI-1000, SCXI-1000DC, SCXI-1001
Chassis house all SCXI modules
Low-noise environment for signal 

conditioning
Shielded enclosure
Low-noise power system

Rugged, compact chassis
Forced air cooling
Optional rack mounting

Integrated instrumentation system
3 internal analog buses
Timing bus circuitry for high-speed 

module multiplexing
Trigger lines for intermodule

timing signals
AC, DC, or battery power options

NI-DAQ Software
Windows NT
Windows 95
Windows 3.1
Mac OS
DOS

Application Software
LabVIEW
BridgeVIEW
LabWindows/CVI
LabWindows
Measure
ComponentWorks
VirtualBench
Lookout

Chassis Slots Power
SCXI-1000 4 AC

SCXI-1000DC 4 DC
SCXI-1001 12 AC
SCXI-20001 4 AC
PXI-10102 4/8 AC

1SCXI-2000 includes an RS-232/RS-485 communications interface–(see page 391)
2 PXI-1010 includes 4 SCXI slots and eight PXI slots–(see page 395)

Table1. SCXI Chassis Options
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SCXI-1000DC. The SCXI-1383 will power the SCXI-1000DC from

115 VAC or 230 VAC power when DC power is unavailable. You

can also combine the SCXI-1382 and the SCXI-1383 to operate

in standby mode and provide uninterruptible power for the

SCXI-1000DC chassis.

Chassis Accessories 
The following rack-mounting and panel mounting hardware,

filler panels, and a chassis handle are available for the SCXI-1000,

SCXI-1000DC, and SCXI-1001 chassis.  (See page 409 for more

information.)

Mounting Options
Rack-Mounting kit for 

SCXI-1001...........................................................SCXI-1370

SCXI-1000/1000DC ...........................................SCXI-1371

two SCXI-1000/1000DC.....................................SCXI-1372

Panel-Mounting for
SCXI-1001,1000, 2000DC..................................SCXI-1373

Chassis Handle ..........................................................SCXI-1374

Filler Panels
Front filler panel..................................................SCXI-1360

Rear filler panel ...................................................SCXI-1361

Part Numbers
SCXI-1000 4-slot chassis

U.S. 120 VAC .............................................776570-01

Swiss 220 VAC ...........................................776570-02

Australian 240 VAC....................................776570-03

Universal Euro 240 VAC.............................776570-04

No. American 240 VAC .............................776570-05

United Kingdom 240 VAC.........................776570-06

Japan 100 VAC..........................................776570-07

SCXI-1000DC 4-slot chassis ...............................776570-00

SCXI-1001 12-slot chassis

U.S. 120 VAC .............................................776571-01

Swiss 220 VAC ...........................................776571-02

Australian 240 VAC....................................776571-03

Universal Euro 240 VAC.............................776571-04

No. American 240 VAC .............................776571-05

United Kingdom 240 VAC.........................776571-06

Japan 100 VAC..........................................776571-07

SCXI-1382 battery pack

without charger ......................................776577-820

with 115 VAC charger*...........................776577-821

SCXI-1383 power supply/float charger

U.S. 120 VAC/Japan 100 VAC.................776577-831

Swiss 220 VAC.........................................776577-832

Australian 240 VAC..................................776577-833

Universal Euro 240 VAC...........................776577-834

No. American 240 VAC ...........................776577-835

United Kingdom 240 VAC.......................776577-836

SCXI-1360 front filler panel................................776576-60

SCXI-1361 rear filler panel.................................776576-61

SCXI-1370 rack-mount kit 

for SCXI-1001 .............................................776577-70

SCXI-1371 rack-mount kit 

for SCXI-1000/1000DC..............................776577-71

SCXI-1372 rack-mount kit 

for two SCXI-1000/1000DC.......................776577-72

SCXI-1373 panel-mount kit ...............................776577-73

SCXI-1374 handle kit.........................................776577-74

*  With U.S. style three-prong power plug.

SCXI Chassis

SCXI-1000, SCXI-1000DC, SCXI-1001
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Channel Gain Input Range
(Software Selectable) (Software Selectable)

unipolar bipolar
1 0 to 10 V ±5 V
2 0 to 5 V ±2.5 V
5 0 to 2 V ±1 V
10 0 to 1 V ±500 mV
20 0 to 500 mV ±250 mV
50 0 to 200 mV ±100 mV
100 0 to 100 mV ±50 mV

Gain Bandwidth
1 to 10 250 kHz

20 150 kHz
50 60 kHz

100 30 kHz

Typical for 25º C unless otherwise noted.

SCXI-1000, SCXI-1000DC, and SCXI-1001 Chassis
Power Requirements
Input voltage

SCXI-1000 and SCXI-1001 ................ 100, 120, 220, or 240 VAC at 50 or 60 Hz
SCXI-1000DC ................................... 12 VDC nominal (9.5 to 16.0 VDC)

Operating current, maximum
SCXI-1000 ........................................ 0.6 A at 100 VAC 

0.5 A at 120 VAC 
0.25 A at 220 or 240 VAC

SCXI-1000DC ................................... 5.5 A (at 9.5 VDC)
SCXI-1001 ........................................ 1.25 A at 100 or 120 VAC 

0.7 A at 220 or 240 VAC
Module power

+5 V ................................................ 50 mA per slot; 
+18.5 to +25.0 V ............................. 170 mA per slot; 
-18.5 to -25.0 V ............................... 170 mA per slot

Physical
Dimensions (including fan)1

SCXI-1000 and SCXI-1000DC ........... 18.0 by 19.5 by 24.8 cm 
(7.1 by 7.7 by 9.8 in.)

SCXI-1001 ........................................ 18.0 by 43.9 by 24.8 cm 
(7.1 by 17.3 by 9.8 in.)

Weight
SCXI-1000 ........................................ 3.9 kg (8 lb 10 oz)
SCXI-1000DC ................................... 3.3 kg (7 lb 5 oz)
SCXI-1001 ........................................ 6.8 kg (14 lb 14 oz)

SCXI-1382 Battery Pack
Battery output .................................... 12 VDC, 25 Ah
Battery type ......................................... Sealed lead-acid
Minimum run time............................... 5 h (with four SCXI modules)
Recharge time ..................................... 8 to 11 h (with included charger)
Input power connection...................... 3 screw terminals, or connector
Dimensions.......................................... 18.0 by 15.2 by 21.7 cm 

(7.1 by 6.0 by 8.5 in.)
Weight................................................. 8.6 kg (19 lb)
SCXI-1383
Output voltage.................................... 13.8 VDC at 4 A load
Input voltage ....................................... 115/230 VAC at 60/50 Hz
Dimensions.......................................... 16.5 by 8.0 by 5.7 cm 

(6.5 by 3.2 by 2.2 in.)
Environment (all products)
Operating temperature........................ 0ºto 50º C (0º to 40º C for SCXI-1383)
Relative humidity ................................. 5% to 90% noncondensing
Certifications and Compliances
CE Mark Compliance 
This product meets applicable EU directive(s) as follows:
Safety isolation..................................... Low voltage directive EN 61010
EMC Directive

Immunity.......................................... EN 50082-1:1994
Emissions.......... ............................... EN 55011:1991 Group I Class A at 10 m

1Dimensions do not include terminal block mounted to front of chassis,
which will add 7.5 cm to depth

Specifications

National Instruments
Phone: (512) 794-0100 • Fax: (512) 794-8411• info@natinst.com • www.natinst.com
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Figure 1. SCXI-1000, SCXI-1000DC, SCXI-2000, and Battery

Pack Dimensions

Figure 2. SCXI-1001 Dimensions

Figure 3. SCXI-1000DC, SCXI-1382 Battery Pack and 

SCXI-1374 Handle Accessory
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DMU-6X Dynamic Measurement Unit CALL

ORDERING INFORMATION

Figure 1. Block diagram of DMU-6X
Table 1.  Description of DMU Products

X, Y, Z, Acceleration, 
Roll, Pitch, Yaw, Angular Rates
DSP Processing Power
Analog & Digital Output
No Calibration Required

408/324-4830 • FAX 408/324-4840 • www.xbow.com

DMU 6X:
Silicon Inertial Measurement Unit

The DMU 6X is an intelligent six axis measurement
system designed for accurate acceleration and
angle measurement in dynamic environments. The
DMU 6X employs a high performance Digital Signal
Processor to provide outputs that are compensated
for deterministic error sources within the unit.
Internal compensation includes offsets, scale fac-
tors, and alignment. All six of the DMU-6X sensor
elements are micro-machined devices. The three
angular rate sensors consist of vibrating plates that
utilize the Coriolis force to output angular rate inde-
pendently of acceleration. The three MEMS
accelerometers are surface micro-machined silicon
devices that use differential capacitance to sense

acceleration. The DMU-6X has analog and two digi-
tal output modes that allow for easy integration. In
voltage mode, the analog sensor signals are sam-
pled and converted to digital data with 1mV resolu-
tion. In scaled sensor mode, the analog sensor sig-
nals are sampled, converted to digital data, com-
pensated, and scaled to engineering units. Digital
data may be requested via serial command or to be
transferred continuously.

Note: Please specify the desired rate (50 - 150°/S) and acceleration (1-50 G) range when ordering.

DMU Products

DMU-6X

DMU-VGX

DMU-DG

DMU-FOG

Description

Direct digital voltage and
signal conditioned analog
outputs. Also outputs cali-
brated engineering units.

Tilt angle (roll/pitch) is com-
puted. -6X outputs also
included.

XYZ Acceleration,3 Axis
Angular Rate, 3 Axis
Magnetometer

High accuracy tilt angle
(roll/pitch) is computed. -6X
outputs also included.

Output

XYZ Acceleration
3 Axis Angular Rate

Roll & Pitch
XYZ Acceleration
3 Axis Angular Rate

Roll, Pitch, Yaw

Roll & Pitch 
XYZ Acceleration
3 Axis Angular Rate



x+

y+

z+

roll

pitch

yaw

1 Transmit Data
2 Receive Data
3 Vcc
4 GND
5 X-axis Accelerometer Analog Voltage
6 Y-axis Accelerometer Analog Voltage
7 Z-axis Accelerometer Analog Voltage
8 Roll Rate Analog Voltage
9 Pitch Rate Analog Voltage
10 Yaw Rate Analog Voltage
11 Timing Pulse
12 Reset
13-15 GND/Unused
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DMU 6X:
Silicon Inertial Measurement Unit

DMU-6X Specifications

Power

Input Supply Voltage
Input Supply Current

8 - 30 VDC
100 mA (max)

Performance

Available Full Scale Ranges
Full Scale Span (analog outputs)
Full Scale Span (digital output)
Scale Factor Calibration
Bandwidth
Linearity
Bias Stability (Room)
Bias Stability (-40 to 85)
Alignment (to enclosure)
Resolution

Gyro

±50, 100, 150° /S
±2.0V
-32,768 to 32,767
< 1 %
DC - 10 Hz
0.5% of FS
±1 °/sec
±9 °/sec
<1°
0.05 °/sec

Acceleration

±1, 2, 4, 10, 25, 50G
±2.0
-32,768 to +32,767
<1%
DC - 100Hz
0.2% of FS
±70 mG
<1°

5 mG (FS < 8G), 50mG (FS > 8G)

Environmental

Operating Temperature Range
Storage Temperature Range
Package
Weight
Mechanical Shock

Vibration

-40 to 85°
-55 to 85° C
Aluminum housing
475 grams
1000 G 
(1 ms half sine wave)

10 G RMS

Digital Data Output Rate

Voltage Mode
Scaled Sensor Mode
Analog Mode

166 Hz
156 Hz
400 Hz

408/324-4830 • FAX 408/324-4840 • www.xbow.com

Voltage Mode Scaled Sensor Mode
12 bit, unsigned 16 bit 2’s compliment

0 Header (255) Header (255)
1 Gyro Voltage X (MSB) Roll Rate, X (MSB)
2 Gyro Voltage X (LSB) Roll Rate, X (LSB)
3 Gyro Voltage Y (MSB) Pitch Rate, Y (MSB)
4 Gyro Voltage Y (LSB) Pitch Rate X (LSB)
5 Gyro Voltage Z (MSB) Yaw Rate, Z (MSB)
6 Gyro Voltage Z (LSB) Yaw Rate, Z (LSB)
7 Accelerometer Voltage X (MSB) Acceleration X (MSB)
8 Accelerometer Voltage X (LSB) Acceleration X (LSB)
9 Accelerometer Voltage Y(MSB) Acceleration Y (MSB)
10 Accelerometer Voltage Y (LSB) Acceleration Y (LSB)
11 Accelerometer Voltage Z (MSB) Acceleration Z (MSB)
12 Accelerometer Voltage Z (LSB) Acceleration Z (LSB)
13 Temp Sensor Voltage (MSB) Temp Sensor Voltage
14 Temp Sensor Voltage (LSB) (MSB)
15 Time (MSB) Temp Sensor Voltage (LSB)
16 Time (LSB) Time (MSB)
17 Checksum Time (LSB)
18 Checksum

Development Software
Crossbow's X-View software is shipped with DMU products for use on PC's run-
ning MS Windows '95. X-View provides a convenient way to start system devel-
opment, evaluate the performance of the DMU, and perform data acquisition.
Download a free copy from our website.

Data Packet Format (v1.2)
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NovAtel’s RT-2 delivers high accuracy
positions. Based on the MiLLennium GPSCard™,
RT-2 applies the dual frequency advantage to
deliver the most sophisticated RTK system
available. Precision positioning based on fixed
integer carrier phase ambiguity estimates provide
nominal short baseline accuracy of two
centimeters. Performance is extended to longer
baseline applications through the use of dual
frequency derived ionospheric corrections. Ease of
use is guaranteed by fast and robust OTF
initialization algorithms.

To address your integration requirements,
RT-2’s multiple hardware configurations provide
you with the flexibility you need. Available
modules include a single card OEM platform for
embedded systems, and PowerPak™-II or
ProPak®-II enclosures for standalone applications.

AT NOVATEL, OUR STRENGTH IN

DEVELOPING PERFORMANCE GPS
PRODUCTS IS MATCHED BY OUR

COMMITMENT TO QUALITY

CUSTOMER SERVICE.

WE WORK HARD TO RESEARCH AND

DEVELOP GPS TECHNOLOGY WHICH

WILL GIVE OUR CUSTOMERS THE

COMPETITIVE ADVANTAGE IN

BUSINESS. WHATEVER YOUR

APPLICATION, YOU CAN COUNT ON

NOVATEL’S WIDE RANGE OF

PRODUCTS AND TECHNICAL

SUPPORT TO BE YOUR SOURCE FOR

ADVANCED GPS SOLUTIONS.

Applications Advantages

• Mining and Machine control
• Survey/GIS
• Robotics
• Flight inspection
• Agriculture
• Marine/Dredging
• High precision OEM

• 24 channel “all in view” parallel tracking
• L1-C/A code and L2-P code measurements
• L1 and L2 full wave carrier measurements
• Narrow Correlator® technology
• P-code tracking through Antispoofing (AS)
• 2 cm RTK accuracy
• High data output rates
• Low data latency
• Accurate and robust L1/L2 RTK with OTF
• Modest differential data link requirements
• RTCM message types 18, 19, 20 and 21
• Ionospherically corrected positions
• High dynamics
• Ease of use
• OEM or standalone configurations
• Flexible integration
• Upgradable

RT-2

NovAtel’s RT-2™ represents the pinnacle of high accuracy

“real-time kinematic” (RTK) performance. Based on the 24

channel L1/L2 MiLLennium™ GPSCard, the RT-2 computes

fixed integer carrier phase ambiguity estimates to deliver 2 cm

accuracy in real-time. Fast and robust “on the fly” (OTF)

initialization algorithms are employed to guarantee performance

and ensure ease of use.



• physical
size 25.1 cm x 13.0 cm x 6.2 cm
weight 1.3 Kg

• temperature
operating -40°C to +55°C
storage -40°C to +85°C

• humidity 95% non-condensing
• interface

dual RS232 300 to 115.2 Kbaud
strobe I/0 TTL level

• connector type
communications 10 pin LEMO

strobes I/O 8 pin LEMO

antenna TNC female
power 4 pin LEMO

• input voltage 10-36 VDC
• power consumption 12 watts
• accessories included

RS232 null modem and straight cable
strobe I/O cable
automotive power cable

• optional accessories
110/220 Volt AC adapter

NovAtel Inc.

1120 68th Avenue N.E.

Calgary, Alberta, Canada

T2E 8S5

1-800-280-2242
in U.S. & Canada or

(403) 295-4900

Fax: (403) 295-4901

Internet: http://www.novatel.ca
E-mail: gps@novatel.ca

RT-2

Features

For detailed product technical
specifications, please call NovAtel’s GPS
Hotline (403) 295-4900.

1. Specifications are subject to change without notice.
Performance specifications are subject to GPS system
characteristics & U.S. DOD operational degradation.

2. Accuracy is dependent upon ionospheric and tropospheric
conditions, satellite geometry, baseline length and
multipath effects.

3. See Typical Performance charts above.
4. Export licensing restricts operation to 60,000 feet maximum

and 1,000 nautical miles/hour maximum.

Windows® is a registered trademark of Microsoft Corporation.

Printed in Canada

• 2 cm real-time kinematic (RTK) accuracy
with “on the fly” (OTF) initialization

• L1-C/A code and carrier tracking
• L2-P card and full wavelength carrier

tracking
• 24 channel “all in view” parallel tracking
• fast reacquisition
• patented Narrow Correlator technology
• 5 or 10 MHz external oscillator input
• 4 Hz position output rate
• 4 Hz raw data output rate
• 1 PPS output
• event marker
• RTCM SC104 v 2.1/2.2
• RTCA SC159
• RINEX v 2.0
• NMEA 0183 v 2.0
• GPSolution™ - Windows® compatible GUI

Specifications1

• position accuracy2

stand alone
SA off 15 m CEP
SA on 40 m CEP

differential
code (L1, C/A) 0.75 m CEP
RT-23 0.02 m CEP

• time to first fix
cold start 70 s (typical)

• reacquisition
warm start 3 s L1, 10 s L2 (typical)

• data rates
measurements 4 Hz
position 4 Hz

• time accuracy
SA off 50 ns RMS
SA on 250 ns RMS

• velocity accuracy
stand alone 0.20 m/s RMS
differential 0.03 m/s RMS

• measurement precision
C/A code 10 cm RMS
L2 P code 40 cm RMS
L1 carrier phase

single channel 3 mm RMS
differential channel 0.75 mm RMS

L2 carrier phase
single channel 5 mm RMS
differential channel 4 mm RMS

• dynamics
acceleration 6 g
velocity4 515 m/s

OEMCard RT-2
• physical (Eurocard)

size 17.7 cm x 10.0 cm x 1.7 cm
weight 175 g

• temperature
operating -40°C to +85°C
storage -45°C to +95°C

• humidity 95% non-condensing
• interface

dual RS232 300 to 115.2 Kbaud
strobe I/0 TTL level
external clock 5 or 10 MHz

• connector type
edge 64 pin 0.1 " DIN 41612 type B
antenna SMB male
external clock SMB male

• input voltage +5 VDC
• power consumption 8 watts

PowerPak II RT-2
• physical

size 21.0 cm x 11.1 cm x 4.7 cm
weight 980 g

• temperature
operating -40°C to +60°C
storage -40°C to +85°C

• humidity 95% non-condensing
• interface

dual RS232 300 to 115.2 Kbaud
strobe I/0 TTL level
external clock 5 or 10 MHz

• connector type
communications DE9P
strobes I/O DE9S
antenna TNC female
power 2.1 mm threaded plug
external clock SMB male

• input voltage 10-36 VDC
• power consumption 11 watts
• accessories include

RS232 “Y” type null modem cable
automotive power cable

• optional accessories
110/220 Volt AC adapter

ProPak II RT-2

Typical Performance
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NovAtel’s PC Performance 3900 Series
features a 2/3 length personal computer card designed
for installation in PC compatible computers. This
series offers a choice of two full DGPS Card models
– the 12 channel 3911R, providing core functionality
common to all GPSCard™ models, and the full data
model 3951R.

NovAtel’s OEM Performance 3100 Series
features a Eurocard form-factor designed for
standalone and embedded applications. This series
offers a selection of GPSCard models ranging from
the 12 channel 3111R, providing core functionality,
to the advanced full data model 3151R. All OEM
Performance Series receivers are DGPS capable and
are rated for use at –40ºC to +85ºC temperatures.
Available as a software option is NovAtel’s
Multipath Elimination Technology (MET®) which
reduces pseudorange multipath error by a further
25% to 50% over NovAtel’s existing multipath
resistant Narrow Correlator.

NovAtel’s PowerPak™ Performance 3100
Series provides GPS integrators with an effective,
self-contained system. Each PowerPak includes an
OEM Performance Series GPSCard and a power
supply.

NovAtel ProPak® Performance 3100 Series
provides a rugged water, shock and vibration
resistant housing for outdoor applications which
provides all the same functionality of PowerPak.

AT NOVATEL, OUR STRENGTH IN

DEVELOPING PERFORMANCE GPS

PRODUCTS IS MATCHED BY OUR

COMMITMENT TO QUALITY

CUSTOMER SERVICE.

WE WORK HARD TO RESEARCH AND

DEVELOP GPS TECHNOLOGY WHICH

WILL GIVE OUR CUSTOMERS THE

COMPETITIVE ADVANTAGE IN

BUSINESS. WHATEVER YOUR

APPLICATION, YOU CAN COUNT ON

NOVATEL’S WIDE RANGE OF

PRODUCTS AND TECHNICAL

SUPPORT TO BE YOUR SOURCE FOR

ADVANCED GPS SOLUTIONS.

Applications Advantages

• DGPS Reference Station
• RT-20™ Reference Station
• Flight inspection
• Photogrammetry
• Survey/GIS
• Marine navigation
• High dynamics OEM

• 12 channel “all in view” parallel tracking
• L1-C/A code and carrier measurements
• Narrow Correlator technology
• Multipath Elimination Technology (MET)
• Sub-meter real-time DGPS accuracy
• High data output rates
• Low data latency
• High dynamics
• Ease of use
• OEM, PC-Card, or standalone configurations
• Flexible integration
• Upgradable

Performance
Series

NovAtel’s family of GPS products includes the Performance Series – a

range of advanced technology, high performance L1 GPSCards. These

12 channel “all in view” receivers feature NovAtel’s patented Narrow

Correlator® technology which provide sub-meter differential accuracy

in real-time. High data output rates, fast signal reacquisition, and

superior multipath mitigation techniques are designed to support even

the most demanding GPS applications. Performance Series products

are available in Eurocard, PC-Card and standalone configurations to

provide flexible integration options.



• physical
size 24.5 cm x 13.0 cm x 6.2 cm
weight 1.2 Kg

• temperature
operating -40°C to +65°C
storage -40°C to +85°C

• humidity 95% non-condensing
• interface

communications RS232
baud rate 300 to 115.2 Kbaud
strobe I/0 TTL level

• connector type
communications 2 x 10 pin LEMO

strobes I/O 8 pin LEMO

antenna TNC female
power 4 pin LEMO

• input voltage range 10-36 VDC
• power consumption 8 watts
• accessories include

RS232 null modem and straight cable
strobe I/O cable
automotive power cable

• optional accessories
110/220 Volt AC adapter

NovAtel Inc.

1120 68th Avenue N.E.

Calgary, Alberta, Canada

T2E 8S5

1-800-280-2242
in U.S. & Canada or

(403) 295-4900

Fax: (403) 295-4901

Internet: http://www.novatel.ca
E-mail: gps@novatel.ca

Performance
Series

Features

For detailed product technical
specifications, please call NovAtel’s GPS
Hotline (403) 295-4900.
1. Specifications are subject to change without notice.

Performance specifications are subject to GPS system
characteristics & U.S. DOD operational degradation.

2. Accuracy is dependent upon ionospheric and tropospheric
conditions, satellite geometry, baseline length and
multipath effects.

3. Export licensing restricts operation to 60,000 feet maximum
and 1,000 nautical miles/hour maximum.

Windows® is a registered trademark of Microsoft Corporation.
Printed in Canada

• 1 meter real-time differential accuracy
• L1-C/A code and carrier tracking
• 12 channel “all in view” parallel tracking
• fast reacquisition
• patented Narrow Correlator technology
• optional Multipath Elimination Technology

(MET)
• 10 Hz position output rate
• 20 Hz raw data output rate
• 1 PPS output
• event marker
• RTCM SC104 v 2.1/2.2
• RTCA SC159
• RINEX v 2.0
• NMEA 0183 v 2.0
• GPSolution™ - Windows® compatible GUI

Specifications1

• position accuracy2

stand alone
SA off 15 m CEP
SA on 40 m CEP

differential 0.75 m CEP
• time to first fix

cold start 70 s (typical)
• reacquisition

warm start 3 s (typical)
• data rates

raw measurements 20 Hz
computed position 10 Hz

• time accuracy
SA off 50 ns RMS
SA on 250 ns RMS

• velocity accuracy
stand alone 0.20 m/s RMS
differential 0.03 m/s RMS

• measurement precision
C/A code phase 10 cm RMS
Carrier phase

single channel 3 mm RMS
differential channel 0.75 mm RMS

• dynamics (OEM Card Series only)
acceleration 4 g
velocity3 515 m/s

PC Card 3900 Series
• physical

size 21.6 cm x 10.7 cm x 1.9 cm
weight 220 g

• temperature
operating 0°C to +70°C
storage -40°C to +85°C

• interface
PC ISA bus 8 bit/8 MHz
dual RS232 ports

connectors DB-9 male
baud rates 300 to 115.2 Kbaud

TTL Strobes I/O DB-9 female
RF input SMA female

• power consumption 6 watts

OEM Card 3100 Series
• physical (Eurocard)

size 16.7 cm x 10.0 cm x 1.5 cm
weight 175 g

• temperature
operating -40°C to +85°C
storage -40°C to +85°C

• humidity 95% non-condensing

• interface
types RS232/RS422/NMEA
baud rates 300 to 115.2 Kbaud
strobe I/0 TTL level

• connector type
edge 64 pin 0.1 “ DIN 41612 type B
antenna SMB male

• input voltage range 5 VDC, ± 12 VDC
• power consumption 5 watts

PowerPak 3100 Series
• physical

size 20.8 cm x 11.1 cm x 4.7 cm
weight 1 Kg

• temperature
operating -40°C to +65°C
storage -40°C to +85°C

• humidity 95% non-condensing
• interface

communications RS232/RS422/NMEA
baud rate 300 to 115.2 Kbaud
strobe I/0 TTL level

• connector type
communications 2 x DB9P
strobes I/O DB9S
antenna TNC female
power 2.1 mm threaded plug (center +)

• input voltage range 10-36 VDC
• power consumption 8 watts
• accessories include

RS232 “Y” type null modem cable
automotive power cable

• optional accessories
110/220 Volt AC adapter

ProPak 3100 Series
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6ZDQVRQý(DVWýWRý7HOHJUDSKý1RUWK ïì
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5RDGý7\SHýõDQGýPLOHVô
1,*+7ý5287( 5, 5$ 5/ 8, 8$ 8/

7HOHJUDSKý1RUWKýWRýçäçý:HVW ïêè

,ðçäçý:HVWýWRý&RQQHFWRUý0ðèýH[LWýõìëýPLOHýURDGô çïæ

(QGýDWýHQGýRIýUDPSýIURPý0ðèýWRýìëýPLOHýURDG

7RWDOýPLOHDJHýIRUýHDFKýURDGýW\SHã åïæè ìëïí çïää çïæ ìéïë èïìê

7RWDOý0LOHVý1LJKWý'ULYHã èêïæ

7DEOHý(ðå 'D\WLPHý5RXWHýIRUý3XEOLFý5RDGý9DOLGDWLRQýRIý7HVWý0HWKRGRORJ\

5RDGý7\SH
'$<ý5287( 5, 5$ 5/ 8, 8$ 8/

6WDUWýDWýHQGýRIýUDPSýIURPý0ðèýVRXWKýRQWRý,ðäçýZHVW

,ýäçý:HVWýWRý.HQVLQJWRQý5RDGý1RUWK ììïä

.HQVLQJWRQý5RDGý1RUWKýWRý3OHDVDQWý9DOOH\ý1RUWKýýõZHýWRRN
DýZURQJýWXUQýDWý0XLUâý8ðWXUQýEDFNýWRý.HQVLQJWRQý5RDGô

ëïë

3OHDVDQWý9DOOH\ý1RUWKýWRý0ðèäý:HVW èïè

0ðèäý:HVWýWRý$UJHQWLQHý5RDGý6RXWK èïæ

$UJHQWLQHý5RDGý6RXWKýWRý*ROIý&OXEý:HVW ëïí

*ROIý&OXEý:HVWýWRý+XJKHVý6RXWK ïä

+XJKHVý6RXWKýWRý*UDQGý5LYHUý(DVW ëïê

*UDQGý5LYHUý(DVWýWRý+XEHUWý5RDGý6RXWK ìïí

+XEHUWý5RDGý6RXWKýWRý&URRNHGý/DNHý(DVWýõ+HUEý6WUïô ïæ

&URRNHGý/DNHý(DVWýõ+HUEý6WUïôýWRý*UDQGý5LYHUý(DVW ìïí

*UDQGý5LYHUý(DVWýWRý,ýäçý(DVW ïç

,ýäçý(DVWýWRý+Z\ýëêý6RXWK ëïê

+Z\ýëêý6RXWKýWRý6LOYHUý/DNHý5RDGý(DVW ëïé

6LOYHUý5RDGý6RXWKýWRý0DUVKDOOý5RDGý6RXWK ìïëè

0DUVKDOOý5RDGý6ïýõEHFRPHVý6SHQFHUôýWRý1ïý7HUULWRULDOý(DVW èïå

1ïý7HUULWRULDOý(DVWýWRý%HFNý1RUWK ìíïê

%HFNý1RUWKýWRý(LJKWý0LOHý:HVW ëïä

(LJKWý0LOHý:HVWýWRý1DSLHUý1RUWK ìïä

1DSLHUý1RUWKýWRý1LQHý0LOHý:HVW ïä

1LQHý0LOHý:HVWýWRý*ULVZROGý1RUWK êïæè

*ULVZROGý1RUWKýWRý7HQý0LOHý:HVW ïä

7HQý0LOHý:HVWýWRý0DUWLQGDOHý1RUWKýõVKRUWýGRJOHJô ïê

0DUWLQGDOHý1RUWKýWRý*UDQGý5LYHUý(DVW êïç

*UDQGý5LYHUý(DVWýWRý7HOHJUDSKý5RDGý6RXWK ìåïé

7HOHJUDSKý5RDGý6RXWKýWRý0LFKLJDQý$YHQXHý(DVW æïå

0LFKLJDQý$YHQXHý(DVWýWRý:RRGZDUGý6RXWK ììïí
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:RRGZDUGý6RXWKýWRý-HIIHUVRQý6RXWKýõ5Wïý7XUQô ïëë

-HIIHUVRQý$YHïýEHFRPHVý/RGJHýõìíôý1RUWKâý/RGJHý1RUWKýWR
&ODLUPRQWý([LW

èïí

+DPLOWRQý1RUWKýWRý&DOYHUWý:HVW ïä

&DOYHUWý:HVWýWRý%\URQý1RUWK ïê

%\URQý1RUWKýõGRJODJýWRý/LQFROQôýWRý6WXUWHYDQWý(DVW ïæ

6WXUWHYDQWý(DVWýWRý+DPLOWRQý1RUWK ïíå

+DPLOWRQý1ïýWRý6HYHQý0LOHý5RDGý:HVW ëïåå

6HYHQý0LOHý5RDGý:HVWýWRý6WUDWKFRQDý1RUWKHDVW ïç

6WUDWKFRQDý1RUWKHDVWýWRý:RRGZDUGý6RXWK êïì

:RRGZDUGý6RXWKýWRý:ïý*UDQGý%OYGïý(DVWýõ0,ýWXUQô èïëè

:ïý*UDQGý%OYGý(DVWýWRý-RKQý5ïý6RXWK ïì

-RKQý5ïý6RXWKýWRý:DUUHQý$YHQXHý:HVW ìïí

:DUUHQý$YHQXHý:HVWýWRý7UXPEXOOý6RXWK ïä

7UXPEXOOý6RXWKýWRý$OH[DQGULQHý6RXWKZHVW ïé

$OH[DQGULQHýWRý*UDQGý5LYHUý:HVWýõ0XOEHUU\ý6HOGHQô ïìæ

*UDQGý5LYHUý:HVWýWRýìéWKýý6WUHHWý6RXWKHDVW ïêè

ìéWKý6WUHHWý6RXWKHDVWýWRý0ïý/ïý.LQJý%OYGïý6:ýõ"ô ïèë

0ïý/ïý.LQJý%OYGïý6:ýWRý,ýäçý:HVW ïéé

,ýäçý:HVWýWRý,ýäéý(DVW ìïíè

,ýäéý(DVWýWRý9DQý'\NHý1RUWK éïçé

9DQý'\NHý1RUWKýWRý0LOOHUý:HVW ïêì

0LOOHUý:HVWýýWRý0Wïý(OOLRWý$YHQXHý1RUWK

õ0Wïý(OOLRWWýWXUQVýLQWRý0RXQGô

ïæí

0RXQGý1RUWKýWRý,ýçäçý:HVW çïåç

,ýçäçýý:HVWýWRý:RRGZDUGî0DLQ éïè

0DLQý1RUWKýWRý9LQVHWWDý6RXWKHDVW ëïé

9LQVHWWDý6RXWKHDVWýWRý&DWDOSD

õFURVVý&URRNVñýìëý0LOHñý÷ýëý0LFKïý7XUQVýRQý:RRGZDUGô

ìïè

&DWDOSDý(DVWýWRý:DVKLQJWRQý6RXWK ïä

:DVKLQJWRQý6RXWKýWRý(OHYHQý0LOHý:HVW ïè

(OHYHQý0LOHý:HVWýWRý:RRGZDUGý6RXWK ïè

:RRGZDUGý6RXWKýWRý,ýçäçý:HVW ìïë

,ýçäçý:HVWýWRý&RQQHFWRUýèýH[LWýõ7ZHOYHý0LOHý÷ý+DJJHUW\ô ìéïë

7ZHOYHý0LOHý(DVWýWRý+DJJHUW\ ïé

(QGýDWýLQWHUVHFWLRQýRIýìëý0LOHýDQGý+DJJHUW\

7RWDOýPLOHDJHýHDFKýURDGýW\SHã ìçïç êìïê ëëïì ëäïé èëïä ìæïç

7RWDOýPLOHVýGD\WLPHýGULYHã ìæí
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(ïêý $QDO\VLVýRIý8QFHUWDLQW\ýLQý'HWHUPLQLQJý)&:
&RPSOLDQFHýZLWKýDý&ORVLQJý6SHHGðGHSHQGHQW
0LQLPXPý:DUQLQJý5DQJHý5HTXLUHPHQW

(ïêïìý ,QWURGXFWLRQ

7KHýIROORZLQJýDQDO\VLVýZDVýXVHGýWRýKHOSýVHOHFWýLQVWUXPHQWDWLRQýIRUýYHKLFOHýWHVWLQJýWKDW
ZDVýGRQHýWRýVXSSRUWýWKHýYDOLGDWLRQýRIýWKHýREMHFWLYHýWHVWýPHWKRGRORJ\ïýý)RUýWKHýDOHUWýRQVHW
WLPLQJýUHTXLUHPHQWVýDVVXPHGýDWýWKHýWLPHýRIýWHVWLQJñýWKHýDQDO\VLVýYHULILHGýWKDWýWKHýVHOHFWHG
LQVWUXPHQWDWLRQýZRXOGýSURYLGHýWKHýDELOLW\ýWRýGLVWLQJXLVKýZKHWKHUýRUýQRWýDý)&:ýV\VWHP
LVVXHGýDQýDOHUWýWRRýVRRQýRUýWRRýODWHï

&KDSWHUýæýõ6HFWLRQýæïëïëôýVSHFLILHVýWKHýIROORZLQJýêðVLJPDýHUURUýRQýWKHýDELOLW\ýWRýFRPSDUHýWKH
)&:©VýZDUQLQJýUDQJHýZLWKýWKHýUHTXLUHPHQWýRQýWKHýZDUQLQJýUDQJHã

0HDVXUHýHUURUýEHWZHHQýPLQLPXPýDOORZHGýUDQJHýRIýDOHUWýRQVHWñýDQGýDFWXDO
UDQJHýDWýDOHUWýRQVHWñýWRýèøýRIýWKHýPLQýDOHUWýUDQJHñýRUýëïíPñýZKLFKHYHUýLV
ODUJHUï

7KHýDQDO\VLVýLQýWKLVýVHFWLRQýFRQVLGHUVýWKHýSRVVLEOHýHUURUýVRXUFHVñýDVVXPHVýUDQGRPýSURFHVVýPRGHOV
IRUýWKHýVRXUFHVñýDQGýHVWLPDWHVýWKHýUHVXOWLQJýXQFHUWDLQW\ýLQýGHWHUPLQLQJýDQý)&:ýDOHUW©VýWLPHOLQHVVï
7KLVýDQDO\VLVýDVVXPHGýWKDWýWKHýUHTXLUHPHQWýRQýPLQLPXPýZDUQLQJýUDQJHýGHSHQGHGýRQO\ýRQýWKH
FORVLQJýVSHHGý¤ýWKHýGLIIHUHQFHýLQýVSHHGVýDVýDýIROORZLQJýYHKLFOHýDSSURDFKHVýDýVORZHUðPRYLQJýOHDG
YHKLFOHïýý7KHUHIRUHñýWRýVHOHFWýLQVWUXPHQWDWLRQýIRUýWKHýWHVWýSURFHGXUHVýUHFRPPHQGHGýLQýWKLV
ILQDOýUHSRUWñýWKHýDQDO\VLVýLQýWKLVýVHFWLRQýZRXOGýQHHGýWRýEHýXSGDWHGñýXVLQJýWKHýQHZýVWDWHPHQWV
DERXWýUHTXLUHGýDOHUWýRQVHWýWLPLQJýõ&KDSWHUýéñý6HFWLRQýéïëôïýý7KLVýUHYLVHGýDQDO\VLVýZRXOGýEH
VLPLODUýWRýWKDWýUHSRUWHGýKHUHñýEXWýZLWKýDýGLIIHUHQWýH[SUHVVLRQýXVHGýIRUýWKHýPLQLPXPýUHTXLUHG
ZDUQLQJýUDQJHï

(ïêïëý 7KHý3HUIRUPDQFHý0HWULFýDQGýLWVý(UURUý6RXUFHV

/HWý5ýGHQRWHýWKHýWUXHýUDQJHýDWýRQVHWýRIýDOHUWñýDQGýOHWý ZDUQ5 ýGHQRWHýWKHýPLQLPXPýUHTXLUHGýUDQJHýIRU

DQýDOHUWñýZKLFKýGHSHQGVýRQýGLIIHUHQFHýEHWZHHQýWKHýWZRýYHKLFOHV©ýVSHHGVãýý VYSRY 999 ð ' ïý7KHQ

PHWULFVýRIýWKHý)&:ýXQLW©VýFRPSOLDQFHýZLWKýWKHý7DVNýêýPLQLPXPýZDUQLQJýUDQJHýUHTXLUHPHQWVýDUH
EDVHGýRQýWKHýGLIIHUHQFHñý 5H ýñýEHWZHHQýWKHýDFWXDOýUDQJHýDQGýWKHýPLQLPXPýUHTXLUHGýUDQJHýã

ZDUQ5 55 ð H ýï

ZKHUHý ZDUQ5 LVýWKHýPLQLPXPýUHTXLUHGýUDQJHýIRUýDQýDOHUWñýIURPý7DVNýêñýXVLQJýFRQVWDQWVýDýDQGý57ã
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DOHUWFUDVKýýFDXWLRQDU\íïêJôñðýõëïèVHFñ

DOHUWFUDVKýLPPLQHQWýíïèJôñðýõìïèVHFñ
ôDñ57õ

&RQVLGHUýHUURUVýLQýWKHýFRPSXWDWLRQýRIýWKHýPHWULFý 5H ýWKDWýUHVXOWýIURPýHUURUVýLQýPHDVXULQJýIRXU
YDULDEOHVã

5 WUXHýUDQJHâ

9' WKHýUDQJHýUDWHýEHWZHHQýWKHýWZRýYHKLFOHVñýDVýGHILQHGýDERYHñ

5úú WKHýUHODWLYHýDFFHOHUDWLRQýRIýWKHý329ýDZD\ýIURPýWKHý69ñ

$7 ýý WKHýGHOD\ýEHWZHHQýWKHýSUHVHQWDWLRQýRIýWKHýDOHUWýWRýWKHýGULYHUýDQGýWKHýPRPHQWýDW
ZKLFKýWKHýDOHUWýLVýORJJHGýLQWRýWKHýGDWDýDFTXLVLWLRQýV\VWHPï

$VVXPHýWKDWýWKHýHUURUVýLQýPHDVXULQJýWKHVHýYDULDEOHVýDUHýHDFKý]HURðPHDQñýLQGHSHQGHQWýHUURUVýZLWK
YDULDQFHVýGHQRWHGýE\ñýIRUýLQVWDQFHñý ô9õ'Vë ýIRUýWKHýYDULDEOHý 9' ïýý7KHQýWKHýWKUHHðVLJPDýHUURUýLQ

WKHýFRPSXWHGýYDOXHýRIýWKHýPHWULFñýGHQRWHGý 5ÅH ñýLVýDýIXQFWLRQýRIýWKHVHýWKUHHýHUURUVñýDVýIROORZVã
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ZKHUHý ôõÅ 5HVê ýLVýUHTXLUHGýE\ý6HFWLRQý(ïêïìýWRýEHýQRýJUHDWHUýWKDQýèøýRIýWKHýZDUQLQJýUDQJHñýRU
ëïíPñýZKLFKHYHUýLVýJUHDWHUï

(ïêïêý 7KHý0HWULFý 5H ýDVýDý)XQFWLRQýRIýWKHý)RXUý9DULDEOHV

7KHýPHWULFýLVýWKHýGLIIHUHQFHýEHWZHHQýWKHýUDQJHýDWýWKHýDOHUWýWLPHñýDQGýWKHýPLQLPXPýUDQJHýUHTXLUHG
DWýRQVHWýRIýWKHýDOHUWïýý(UURUVýLQýWKHýFRPSXWHGýPHWULFñý 5ÅH ñýFRPHýIURPýWZRýVRXUFHVïýý)LUVWñ
PHDVXUHPHQWVýRIýUDQJHýDQGýUDQJHýUDWHýLQFOXGHýPHDVXUHPHQWýHUURUVïýý6HFRQGñýLQýJHQHUDOñýWKHýDOHUW
ZLOOýQRWýRFFXUýDWýWKHýVDPHýLQVWDQWýWKDWýPHDVXUHPHQWVýRIýWKHýVXEMHFWýYHKLFOH©VýPRWLRQýDUH
FROOHFWHGïýý7KXVñýWRýFRPSXWHýWKHýUHTXLUHGýPLQLPXPýUDQJHýDWýWKHýLQVWDQWýRIýWKHýDOHUWñýYHKLFOHýVSHHG
DQGýUDQJHýDWýWKHýDOHUWýWLPHýPXVWýEHýHVWLPDWHGýE\ýSURSDJDWLQJýPRWLRQýRYHUýDýVKRUWýWLPHýLQWHUYDOï
7KHýWLPHýRIýWKHýDOHUWñýKRZHYHUñýLVýQRWýNQRZQýH[DFWO\ñýDQGýVRýWKHýPHWULFýLVýLQýHUURUïýý$QýH[SUHVVLRQ
IRUýWKHýPHWULFýWKDWýLQFOXGHVýWKHVHýWZRýHUURUýVRXUFHVýLVýQRZýGHYHORSHGï

)LJXUHý(ðìýVKRZVýDýWLPHOLQHýRIýHYHQWVýQHDUýWKHýLQVWDQWýRIýDQýDOHUWïýý7LPHVý $W ýDQGý W ýDUHýWKH
LQVWDQWVýDWýZKLFKñýUHVSHFWLYHO\ñýWKHýDOHUWýRFFXUVýDQGýWKHýYHKLFOHýPRWLRQýPHDVXUHPHQWVýDUH
FROOHFWHGïý9HKLFOHýPRWLRQýPHDVXUHPHQWVýDUHýUDQJHñý ôWõ5 ñýUDQJHýUDWHý ôWõ9' ñýDQGýUHODWLYH

DFFHOHUDWLRQýEHWZHHQýWKHýYHKLFOHVñý ôWõ5úú ïýý7KHýH[DFWýPRPHQWýRIýWKHý)&:ýDOHUWýLVýQRWýNQRZQý¤ýLWýLV
DVVXPHGýWRýEHýDWýWLPHý $7W ð ýñýEXWýWKHUHýLVýDQýXQFHUWDLQW\ýRIý ô7õG $ ïýý7KLVýXQFHUWDLQW\ýLVýTXLWH
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LQVLGHýDQGýRXWVLGHýWKHý)&:ýXQLWýXQGHUýWHVWï

7KHýDFWXDOýPHWULFýRIýWKHýZDUQLQJýUDQJHýSHUIRUPDQFHýLVý 5H ýHYDOXDWHGýDWýWLPHý $W ñýRUý ôWõ $5H ï
6LQFHýWLPHý $W ýLVýQRWýNQRZQñýWKHýHVWLPDWHýRIýWKLVýPHWULFñý 5ÅH ñýLVýFRPSXWHGýE\ýDVVXPLQJýWKDWýWKH
DOHUWýRFFXUVýDWýWLPHý $7W ð ýã

ý ô7WõÅ $55 ðH H ýï
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$VVXPHýWKDWýWKHýDFWXDOýUHODWLYHýDFFHOHUDWLRQýEHWZHHQýWKHýWZRýYHKLFOHVýLVýFRQVWDQWýGXULQJýWKH
LQWHUYDOýXQGHUýFRQVLGHUDWLRQïýý7KHQýYHKLFOHýPRWLRQýYDULDEOHVýDWýWKHýH[SHFWHGýWLPHýRIýWKHýDOHUWýDUHã
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$OHUWýDFWXDOO\ýRFFXUVýKHUHï

&RPSXWDWLRQýRIýPHWULFýDVVXPHV
DOHUWýRFFXUVýKHUHï

9HKLFOHýPRWLRQýPHDVXUHPHQWV
DFTXLUHGýKHUHï

Gõ7$ô

W$ W

7$
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7KHýSDUWLDOýGHULYDWLYHVýRIýWKHýFRPSXWHGýPHWULFý 5ÅH ñýWDNHQýZLWKýUHVSHFWýWRýWKHýIRXUýYDULDEOHVñýDUH
VKRZQýLQý7DEOHý(ðäï

7DEOHý(ðä 3DUWLDOý'HULYDWLYHVýRIý7KHý:DUQLQJ
5DQJHý3HUIRUPDQFHý0HWULF
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7KXVýWKHýHUURUýLQýHYDOXDWLQJýWKHý)&:©VýZDUQLQJýUDQJHýSHUIRUPDQFHñýUHODWLYHýWRýWKHýPLQLPXP
DOHUWýUDQJHñýGHSHQGVýRQýWKHýIROORZLQJýYDULDEOHVãýWKHýZDUQLQJýDOJRULWKPýSDUDPHWHUVñýWKHýUHODWLYH
VSHHGýDQGýUHODWLYHýDFFHOHUDWLRQýEHWZHHQýWKHýWZRýYHKLFOHVñýDQGýWKHýGHOD\ýEHWZHHQýWKHýDOHUWýDQGýWKH
DFTXLVLWLRQýRIýGDWDïýý,WýLVýLQGHSHQGHQWýRIýWKHýWUXHýUDQJHýLWVHOIïýý%HFDXVHýWKLVýHUURUýGHSHQGVýRQýWKHVH
TXDQWLWLHVñýLWýZLOOýEHýQHFHVVDU\ýWRýYHULI\ýWKDWýWKHýUHTXLUHPHQWýRQýWKHýDFFXUDF\ýRIýWKHýPHWULFýLVýPHW
WKURXJKRXWýWKHýVSDFHýRIýWKHVHýYDULDEOHVï

(ïêïèý 8QFHUWDLQWLHVýLQýWKHý)RXUý9DULDEOHV

&RQVLGHUýXQFHUWDLQWLHVýLQýNQRZOHGJHýRIýWKHýIRXUýYDULDEOHVñýDVýVKRZQýLQýWKHýWDEOHýEHORZïý7KHVH
YDOXHVýUHIOHFWýWKHýXVHýRIý'*36ýXQLWVýRQýHDFKýYHKLFOHýõ1RY$WHOý0LOOHQLXPý57ðëôïýý7KHýUDQJHýDQG
UDQJHýUDWHýVSHFLILFDWLRQVýIRUýWKLVýXQLWýDUHñýUHVSHFWLYHO\ñýíïíçPýDQGýíïíäPîVHFýêðVLJPDïýý$QýHDVLO\
REWDLQDEOHýVSHFýIRUýORQJLWXGLQDOýDFFHOHUDWLRQVýLVýíïìíPîVHFëñýRUýíïíì*ïýý7KHýWLPHýRIýWKHýDOHUWýLV
JLYHQýE\ýWKHý)&:ýXQLWVýXQGHUýWHVWý¤ýDýOLNHO\ýGHOD\ýLVýíïìíýVHFýZLWKýDQýXQFHUWDLQW\ýRIýEHWZHHQýìí
DQGýèíýPVHFñýEDVHGýRQýGLVFXVVLRQVýZLWKýWKHýYHQGRUVïýý7KHVHýQXPEHUVýDUHýVKRZQýLQý7DEOHý(ðìí
EHORZï
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7DEOHý(ðìí 8QFHUWDLQWLHVýLQýWKHý)RXUý0HDVXUHG
9DULDEOHV

9DULDEOH 8QFHUWDLQW\ýõêVLJPDô

5 íïíçP
9' íïíäPîV

5úú íïìPîVîV

$7 íïíèíýVHF

(ïêïçý &RPSXWLQJý8QFHUWDLQW\ýLQýWKHý(UURUý0HWULF

7KHýêðVLJPDýXQFHUWDLQW\ýLQýWKHýFRPSXWHGýPHWULFý 5ÅH ýLVýFRPSXWHGýIRUýQLQHýFUDVKýVFHQDULR
VLWXDWLRQVñýXVLQJýPHDVXUHPHQWýXQFHUWDLQWLHVýõ7DEOHý(ðìíôïýý1LQHýVLWXDWLRQVýDUHýXVHGýWRýYHULI\ýWKDW
WKHýXQFHUWDLQW\ýLQýWKHýPHWULFýVDWLVILHVýWKHýUHTXLUHPHQWýJLYHQýLQý&KDSWHUýæýõDQGýDWýWKHýWRSýRIýWKLV
VHFWLRQôýDFURVVýDOOýSRVVLEOHýFRPELQDWLRQVýRIýUDQJHýUDWHñýUHODWLYHýDFFHOHUDWLRQñýDQGýGHOD\ýEHWZHHQ
DOHUWýDQGýGDWDýORJJLQJñýDVýVWDWHGýHDUOLHUïýý(LJKWýRIýWKHýQLQHýVLWXDWLRQVýDUHýWKHýëêý ýåýSRVVLEOH
FRPELQDWLRQVýRIýWKHýPLQLPXPýDQGýPD[LPXPýYDOXHVýOLNHO\ýWRýRFFXUýIRUýHDFKýRIýWKHýWKUHH
YDULDEOHVïýý7KHýQLQWKýSURYLGHVýDGGLWLRQDOýLQVLJKWï

&RQVLGHUýILUVWýWKHýFDXWLRQDU\ýFUDVKýDOHUWïýý7DEOHý(ðììVKRZVýUHVXOWVýRIýFRPSXWLQJýWKHýPLQLPXP
UHTXLUHGýZDUQLQJýUDQJHýDQGýWKHýêðVLJPDýHUURUýIRUýWKHýSHUIRUPDQFHýPHWULFýIRUýQLQHýGLIIHUHQWýFUDVK
VFHQDULRVñýXVLQJýWKHýXQFHUWDLQWLHVýIURPý7DEOHý(ðìíïýý7KHýVKDGHGýURZVýVKRZýýWKRVHýFDVHVýIRU
ZKLFKýWKHýêýVLJPDýHUURUýLVýODUJHUýWKDQýèøýRIýWKHýPLQLPXPýUHTXLUHGýUDQJHïýý1RWHýWKDWýDOOýRIýWKHVH
VKDGHGýURZVýKDYHýOHVVýWKDQýëïíPýRIýHUURUñýVRýWKDWýZLWKýWKHVHýXQFHUWDLQWLHVñýWKHýUHTXLUHPHQWýRQýWKH
SHUIRUPDQFHýPHWULFýFDQýEHýVDWLVILHGï

7DEOHý(ðìëýVKRZVýUHVXOWVýRIýVLPLODUýFRPSXWDWLRQVñýH[FHSWýZLWKýWKHýLPPLQHQWýFUDVKýDOHUW
SDUDPHWHUýVHWWLQJVýXVHGïýý$JDLQñýWKHýVKDGHGýURZVýLQGLFDWHýFUDVKýVFHQDULRVýLQýZKLFKýWKHýêðVLJPD
HUURUýLQýWKHýZDUQLQJýUDQJHýPHWULFýH[FHHGVýèøýRIýWKHýPLQLPXPýUHTXLUHGýZDUQLQJýUDQJHïýý%HFDXVH
QRQHýRIýWKHVHýYDOXHVýDUHýJUHDWHUýWKDQýëïíPñýWKHýUHTXLUHPHQWýRQýWKHýSHUIRUPDQFHýPHWULFýLV
VDWLVILHGï
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7DEOHý(ðìì (UURUýLQýWKHý:DUQLQJý5DQJHý3HUIRUPDQFHý0HWULFýIRUý1LQHý&UDVKý6FHQDULR
&RQGLWLRQV

,QGHSHQGHQWýêýVLJPDýHUURUVýDVVXPHG
ý5ýý ýíïíçóVTUWõëôýP
9'  ýíïíäóVTUWõëôýPîVHF

5úú ý ýíïìíýPîVHFë

ý $7 ý ýíïíèíýVHF

&DXWLRQDU\ýFUDVKýDOHUWýDVVXPHG

6WDWH :DUQLQJý5DQJHýõPô êVLJPDýRIýPHWULF
õPô

5DWLR
êVLJýî:DUQý5DQJH

ý 9'  ýðèýPîVHF
ý 5úú ý ýíýPîVHFë

ý $7 ý ýíïìíýVHF

ìçïå íïçì êïçéø

9'  ýðëæýPîVHF
ý 5úú ý ýíýPîVHFë

ý $7 ý ýíïìíýVHF

ìíí ëïíë ëïíëø

9'  ýðëæýPîVHF
ý 5úú ý ýðêýPîVHFë

ý $7 ý ýíïìíýVHF

ìíí êïéé êïééø

9'  ýðèýPîVHF
ý 5úú ý ýðêýPîVHFë

ý $7 ý ýíïìíýVHF

ìçïå ìïíê çïìæø

9'  ýðèýPîVHF
ý 5úú ý ýíýPîVHFë

ý $7 ý ýíïëèýVHF

ìçïå íïçê êïæäø

9'  ýðëæýPîVHF
ý 5úú ý ýíýPîVHFë

ý $7 ý ýíïëèýVHF

ìíí ëïíç ëïíçø

9'  ýðëæýPîVHF
ý 5úú ý ýðêýPîVHFë

ý $7 ý ýíïëèýVHF

ìíí êïéè êïéèø

9'  ýðèýPîVHF
ý 5úú ý ýðêýPîVHFë

ý $7 ý ýíïëèýVHF

ìçïå ìïíé çïìäø

9'  ýðìèýPîVHF
ý 5úú ý ýðêýPîVHFë

ý $7 ý ýíïëèýVHF

æèïå ëïìê ëïåìø

9'  ýðèýPîVHF
ý 5úú ý ýýíýPîVHFë

ý $7 ý ýíïíýVHF

ìçïå íïçí êïèçø
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7DEOHý(ðìë (UURUýLQýWKHý:DUQLQJý5DQJHý3HUIRUPDQFHý0HWULFýIRUý1LQHý&UDVKý6FHQDULRý&RQGLWLRQV
,QGHSHQGHQWýêýVLJPDýHUURUVýDVVXPHG

ý5ýý ýíïíçýóVTUWõëôýP
9'  ýíïíäýóVTUWõëôýPîVHF

5úú ý ýíïìíýPîVHFë

ý $7 ý ýíïíèíýVHF

,PPLQHQWýFUDVKýDOHUWýDVVXPHG

6WDWH :DUQLQJý5DQJHýõPô êVLJPDýRIýPHWULFýõPô 5DWLR
êVLJýî:DUQý5DQJH

ý 9'  ýðèýPîVHF
ý 5úú ý ýíýPîVHFë

ý $7 ý ýíïìíýVHF

ìíïì íïéê éïëéø

9'  ýðëæýPîVHF
ý 5úú ý ýíýPîVHFë

ý $7 ý ýíïìíýVHF

ìíí ìïçê ìïçêø

9'  ýðëæýPîVHF
ý 5úú ý ýðêýPîVHFë

ý $7 ý ýíïìíýVHF

ìíí ëïèæ ëïèæø

9'  ýðèýPîVHF
ý 5úú ý ýðêýPîVHFë

ý $7 ý ýíïìíýVHF

ìíïì íïæë æïìèø

9'  ýðèýPîVHF
ý 5úú ý ýíýPîVHFë

ý $7 ý ýíïëèýVHF

ìíïì íïéè éïéêø

9'  ýðëæýPîVHF
ý 5úú ý ýíýPîVHFë

ý $7 ý ýíïëèýVHF

ìíí ìïçè ìïçèø

9'  ýðëæýPîVHF
ý 5úú ý ýðêýPîVHFë

ý $7 ý ýíïëèýVHF

ìíí ëïèä ëïèäø

9'  ýðèýPîVHF
ý 5úú ý ýðêýPîVHFë

ý $7 ý ýíïëèýVHF

ìíïì íïæê æïëåø

9'  ýðìèýPîVHF
ý 5úú ý ýðêýPîVHFë

ý $7 ý ýíïëèýVHF

éèïè ìïèæ êïéçø
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(ïéý 0LQLPXPý5HTXLUHGý6DPSOLQJý5DWHýIRUý2QERDUG
'DWDý$FTXLVLWLRQý6\VWHP

7KLVýVHFWLRQýGHVFULEHVýWKHýVHOHFWLRQýRIýWKHýëíý+]ýVDPSOLQJýUDWHýIRUýWKHýGDWDýDFTXLVLWLRQVýV\VWHPV
RQERDUGýWKHý69ýDQGýWKHý329VýLQýWKHý)&:ýHYDOXDWLRQýWHVWVïýý7DEOHý(ðìêýVXPPDUL]HVýWKHýGDWDýUDWH
UHTXLUHPHQWVýIRUýHDFKýPHDVXUHPHQWñýDORQJýZLWKýWKHýWHVWýVFHQDULRýWKDWýGULYHVýHDFKýUHTXLUHPHQW
DQGýDýEULHIýVXPPDU\ýRIýWKHýUDWLRQDOHýIRUýWKHýUHTXLUHPHQWïý0RUHýGHWDLOVýOHDGLQJýWRýWKHýVHOHFWLRQýRI
HDFKýW\SHýRIýGDWDýUDWHýIROORZVýWKHýWDEOHï

7KHýKLJKHVWýPLQLPXPýUHTXLUHGýUDWHýIRUýRQERDUGýGDWDýDFTXLVLWLRQýE\ýWKHýLQVWUXPHQWVýXVHGýWR
HYDOXDWHýWKHý)&:ýLVýëíý+]ïýý7KLVýUHTXLUHPHQWýLVýGULYHQýE\ýFUDVKýVFHQDULRýWHVWVýLQýZKLFKýRQHýRU
PRUHýYHKLFOHVýSHUIRUPVýDýODWHUDOýPDQHXYHUý¤ýWKHýPRVWýVHYHUHýRIýZKLFKýLVýDQýíïêJýODQHýFKDQJHï
6LQFHýWKHýRQERDUGýGDWDýDFTXLVLWLRQýV\VWHPýLVýWRýEHýDVýVLPSOHýDVýSRVVLEOHñýDýëíý+]ýUDWHýZLOOýEH
XVHGï

(ïéïìý /RQJLWXGLQDOý3RVLWLRQýRIý69ñý329VñýDQGý&OXWWHU

7ZRýGDWDýUDWHýUHTXLUHPHQWVýDUHýFRPSXWHGýKHUHïýý$ýUDWHýRIýìíý+]ýLVýFKRVHQï

)LUVWñýFRQVLGHUýDýGDWDýDFTXLVLWLRQýUDWHýWKDWýLVýGULYHQýE\ýWKHýKLJKHVWýSRVVLEOHýEDQGZLGWKýRI
ORQJLWXGLQDOýPDQHXYHUVïýý5DQJHýFKDQJHVýRQO\ýWKURXJKýWKHýORZðIUHTXHQF\ýG\QDPLFVýRIýWKH
YHKLFOHV©ýORQJLWXGLQDOýEUDNLQJýDQGîRUýDFFHOHUDWLRQVïýý$VVXPHýWKHýKLJKHVWýVLJQLILFDQWýIUHTXHQF\ýLQ
WKHýG\QDPLFVýIURPýEUDNHýSHGDOVýWRýUHODWLYHýGLVSODFHPHQWVýLVýFDXVHGýE\ýWKHýEUDNLQJýK\GUDXOLF
V\VWHPñýZKLFKýLVýPRGHOHGýKHUHýDVýDýILUVWýRUGHUýV\VWHPýZLWKýDýíïìèíýVHFýWLPHýFRQVWDQWïýý7KHQ
FKRRVHýDýGDWDýUDWHýRIýèýVDPSOHVýSHUýWLPHýFRQVWDQWñýIRUýDýGDWDýUDWHýRIýêêý+]ï

6HFRQGñýDVVXPHýWKDWýWKHýWHVWýLQVWUXFWLRQVýLQFOXGHýRQO\ýVWHSýFKDQJHVýLQýEUDNHýSHGDOýDSSOLFDWLRQñ
DQGýDVVXPHýWKDWýWKHýUDQJHýPHDVXUHPHQWVýRIýJUHDWHVWýLQWHUHVWýDUHýQRWýZLWKLQýDýVHFRQGýRIýDýEUDNH
SHGDOýDSSOLFDWLRQýE\ýHLWKHUýYHKLFOHïýý7KHQýDFFHOHUDWLRQVýZLOOýUHPDLQýODUJHO\ýFRQVWDQWñýDQGýHYHQ
ZLWKýDýUHODWLYHýDFFHOHUDWLRQýRIýíïèJñýDýìíý+]ýUDWHýZRXOGýLQWURGXFHýDQýHUURUýLQýOLQHDUýLQWHUSRODWLRQ
RIýPHDVXUHPHQWVýRIý×ý[ýíïèóäïåíPîVîVýóýõíïìíVîëôëý ýíïíìëPïý7KXVýìíý+]ýLVýTXLWHýVXIILFLHQW
XQGHUýWKHVHýDVVXPSWLRQVï

(ïéïëý /RQJLWXGLQDOý6SHHGýRIý69ýDQGý329V

ìíý+]ïýý6HHýGLVFXVVLRQýIRUýLWHPýDERYHï

(ïéïêý /RQJLWXGLQDOý$FFHOHUDWLRQýRIý69ýDQGý329V

6HHýGLVFXVVLRQýIRUýLWHPýDERYHï
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(ïéïéý /DWHUDOý3RVLWLRQýRIý&OXWWHUñý6WDWLRQDU\ý329VýDQGý5RDG

6XUYH\ýORFDWLRQVýRQFHýSHUýVHWXSýRIýWHVWýVLWHýRUý¦VFHQHï§

7DEOHý(ðìê 0LQLPXPý5HTXLUHGý'DWDý$FTXLVLWLRQý5DWHV

0HDVXUHPHQW
0LQLPXP
'DWDý5DWH
5HTXLUHG

7HVWý7KDWý'ULYHV
'DWDý5DWH

'DWDý5DWHý&RPSXWHG
%DVHGý2Qã

/RQJLWXGLQDOýSRVLWLRQýRI
69ñ329VñýDQGýFOXWWHU

ìíý+] &UDVKýVFHQDULRýWHVWV
õSHUKDSVýZLWKýEUDNLQJ
E\ý329ôï

$VVXPHýFRQVWDQWýUHODWLYH
DFFHOHUDWLRQýõDVVXPH
UDQJHýQRWýUHTXLUHGýGXULQJ
ILUVWýíïèVHFýRIýEUDNH
DSSOLFDWLRQôï
ìí+]ýJLYHVýíïíìëPýHUURU
LQýLQWHUSRODWLQJýGDWDýIRUýD
íïèJýUHODWLYHýDFFHOHUDWLRQï

/RQJLWXGLQDOýVSHHGýRIý69
DQGý329V

ìíý+] &UDVKýVFHQDULRýWHVWV
õSHUKDSVýZLWKýEUDNLQJ
E\ý329ôï

6DPHýDVýDERYH

/RQJLWXGLQDOýDFFHOHUDWLRQ
RIý69ýDQGý329V

ìíý+] &UDVKýVFHQDULRýWHVWV
ZLWKýEUDNLQJýE\ý329ï

6DPHýDVýDERYH

/DWHUDOýSRVLWLRQýRIýFOXWWHUñ
VWDWLRQDU\ý329VýDQGýURDG

2QFHýSHU
VHWXSýRIýWHVW
VLWHýRUý¦VFHQH§
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/DWHUDOýSRVLWLRQýRIý69
DQGýPRYLQJý329V

éý+] &UDVKýVFHQDULRýWHVWV
ZLWKýODWHUDOýPDQXHYHUV

$YDLODEOHýDQGýDIIRUGDEOH
*36ýXQLWV

<DZýUDWHýRIý69ýDQGý329 ëíý+] &UDVKýVFHQDULRýWHVWV
ZLWKýODWHUDOýPDQHXYHUV

$WPRVSKHULFýYLVLELOLW\ 2QFHýSHUýWHVW
WULDOýZKHQ
WHVWLQJýSRRU
YLVLELOLW\
SHUIRUPDQFHï

3RRUýYLVLELOLW\ýWHVW ðð

69ýEUDNHýSHGDOýDFWXDWLRQ
WLPH

ìíý+] &UDVKýVFHQDULRýWHVWVã
1HHGýWRýNQRZý69
GULYHUýGLGýQRWýEUDNH
EHIRUHýDOHUWVýVRXQGHGï

1HHGýIRUýDýILQHU
UHVROXWLRQýFRQVLGHUHG
XQOLNHO\

5RDGZD\ýKRUL]RQWDO
FXUYDWXUHýõGLUHFWLRQ
FKDQJHô

2QFHýSHUýWHVW
VLWH

ðð ðð

5RDGZD\ýHOHYDWLRQ
FKDQJHýõIRU
VXSHUHOHYDWLRQýDQG
YHUWLFDOýFXUYDWXUHô

2QFHýSHUýWHVW
VLWH

ðð ðð
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(ïéïèý /DWHUDOý3RVLWLRQýRIý69ýDQGý0RYLQJý329V

7KHýUHTXLUHGýGDWDýDFTXLVLWLRQýUDWHýIRUýORFDWLQJýWKHý69ýODWHUDOO\ñýDVýZHOOýDVýORFDWLQJýDQ\ýPRYLQJ
329ýODWHUDOO\ñýLVýGULYHQýE\ýODWHUDOýPDQHXYHUVýGXULQJýFUDVKýVFHQDULRýWHVWVïý$VVXPHýWKDWýWKH
G\QDPLFVýRIýWKHýVWHHULQJýZKHHOðWRðODWHUDOýGLVSODFHPHQWýDQGýVWHHULQJýZKHHOðWRðKHDGLQJýDQJOH
V\VWHPýKDVýDýëý+]ýEDQGZLGWKïýý7KHQýWKHýUHTXLUHGýGDWDýUDWHýLVýHVWLPDWHGýDVýWHQýWLPHVýWKDW
EDQGZLGWKñýRUýëíý+]ïýý7KHýëíý+]ýYDOXHýLVýWKHýKLJKHVWýUHTXLUHGýUDWHýRIýDOOýWKHýPHDVXUHPHQWVñýDQG
DVýVXFKñýLWýZLOOýGULYHýGDWDýDFTXLVLWLRQýV\VWHPýGHILQLWLRQï

7KHýODWHUDOýSRVLWLRQýZLOOýEHýPHDVXUHGýRQERDUGýHDFKýYHKLFOHýXVLQJýRQERDUGýGLIIHUHQWLDOý*36ýXQLWVï
7KHýXQLWýVHOHFWHGýSURYLGHVýRQO\ýDýéý+]ýYDOXHñýVRýDý\DZýUDWHýVHQVRUýDQGýDFFHOHURPHWHUVýZLOOýEH
XVHGýWRýLQWHUSRODWHýEHWZHHQýWKHý*36ýGDWDïýý7KHýGDWDýUDWHýIRUýWKHVHýPXVWýEHýëíý+]ýWRýDGHTXDWHO\
FDSWXUHýWKHýKDQGOLQJýG\QDPLFVï

(ïéïçý <DZý5DWHýRIý69ýDQGý329

ëíý+]ïýý6HHýGLVFXVVLRQýIRUýLWHPýDERYHï

(ïéïæý 9LVLELOLW\

$WPRVSKHULFýYLVLELOLW\ýPHDVXUHPHQWVýZLOOýEHýGRQHýRQFHýSHUýWULDOýRIýWKHýSRRUýYLVLELOLW\ýWHVWVïýý7KLV
ZLOOýFDSWXUHýWKHýLQVWDQWDQHRXVýYLVLELOLW\ï

(ïéïåý 69ý%UDNHý3HGDOý$FWXDWLRQý7LPH

$ýìíý+]ýUDWHýZLOOýEHýVXIILFLHQWýWRýGHWHUPLQHýZKHWKHUýWKHý69ýGULYHUýEUDNHVýEHIRUHýWKHýWHVWýLV
FRPSOHWHï

(ïéïäý 5RDGZD\ý+RUL]RQWDOý&XUYDWXUHýõ'LUHFWLRQý&KDQJHô

5RDGýJHRPHWU\ýZLOOýEHýVXUYH\HGýRQFHýSHUýWHVWýVLWHï

(ïéïìíý 5RDGZD\ý(OHYDWLRQý&KDQJHýõ)RUý6XSHUð(OHYDWLRQý$QGý9HUWLFDO
&XUYDWXUHô

5RDGýJHRPHWU\ýZLOOýEHýVXUYH\HGýRQFHýSHUýWHVWýVLWHï
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